PURPOSE: Preoperative radiotherapy improves local control in rectal cancer treatment, but there are few reports on the influence of radiotherapy on anorectal function. The aim of the present study was to assess late effects of shortcourse, high-dose radiotherapy on anorectal function after low anterior resection for rectal cancer. METHODS: Sixtyfour patients, randomized within the Stockholm Radiotherapy Trials and operated on with low anterior resection with or without preoperative radiotherapy (mean, 14 years), previously were followed up with quality-of-life questionnaires, clinical examination, anorectal manometry, and endoanal ultrasound. Twenty-one patients had received preoperative radiotherapy of the rectum and 43 patients had been treated with surgery alone. RESULTS: Impaired anorectal function was common after low anterior resection for rectal cancer and the risk was increased after radiotherapy. Irradiated patients had significantly more symptoms of fecal incontinence (57 vs. 26 percent, P = 0.01), soiling (38 vs. 16 percent, P = 0.04), and significantly more bowel movements per week (20 vs. 10, P = 0.02). At anorectal manometry, irradiated patients had significantly lower resting (35 mmHg vs. 62 mmHg, P < 0,001) and squeeze pressures (104 mmHg vs. 143 mmHg, P = 0.05). At endoanal ultrasound, irradiated patients had significantly more scarring of the anal sphincters (33 vs. 13 percent, P = 0.03). There were no significant differences in quality-of-life scores between irradiated and nonirradiated patients; however, patients with anal incontinence had significantly lower quality-of-life scores compared to continent patients. CONCLUSIONS: Short-course radiotherapy, including the anal sphincters, impairs anorectal function and increases gastrointestinal symptoms permanently when the anal sphincters are irradiated. [
S urgery is the prerequisite for cure in the majority of patients with rectal cancer, but with conventional surgical methods the local recurrence rate was previously reported to be from 20 to 40 percent. 1 Preoperative radiotherapy (RT) was introduced to improve local control, and several large randomized trials have demonstrated a significant benefit from this treatment, with reduced local recurrence rates and improved survival. 2 After implementation of improved surgical techniques, including total mesorectal excision (TME), a significant improvement in local control has been achieved. 3 However, preoperative RT is valuable with TME and a combination of these treatment modalities results in local recurrence rates below 10 percent. 4, 5 The risk of local recurrence increases with tumor size and stage. Recommending that all rectal cancer patients be treated with preoperative RT would result in substantial overtreatment and it is important to balance the benefits of RT against possible side effects. Therefore, it is important to perform preoperative staging before offering preoperative adjuvant therapy to selected patients. 6 Anorectal function may deteriorate after low anterior resection (LAR). Several studies have described the ''anterior resection syndrome'' as an increased number of daily bowel movements, clustering, anal incontinence, and soiling after this operation. 7 As preoperative RT frequently includes irradiation to the anal canal, an additional impairment of anal function may result. There are few previous studies addressing this problem and knowledge is limited concerning the long-term effects on anal function in patients treated with preoperative RT and low anterior resection. 3, 8 The aim of this study was to assess late effects of preoperative RT on anorectal function after low anterior resection for rectal cancer.
PATIENTS AND METHODS

Stockholm 1 and 2 Trials
Two large, randomized, prospective trials on preoperative RT were conducted in Stockholm between 1980 and 1993 and included a total of 1406 patients. 1, 2, 9, 10 In short, the eligibility criteria were a biopsy-proven adenocarcinoma of the rectum judged resectable for cure with an abdominal procedure. Patients with distant metastasis, locally advanced cancers, previous treatment with radiation therapy of the pelvis, or scheduled for local excisions were excluded from the study. 10 Randomization was conducted by telephone to a central office where the patient's identification was recorded before the allocated treatment was revealed to the responsible physician. All hospitals in Stockholm County and on the island of Gotland participated in the studies.
The first trial (Stockholm 1) included 849 patients with clinically resectable rectal tumors diagnosed between 1980 through February 1986. The study compared the outcome of patients treated with preoperative RT with patients treated with surgery alone. 2 A total dose of 25 Gy was administered with 5-Gy daily increments through a two-field technique to a relatively large volume. The irradiated volume extended from the upper border of L2 and included the rectum, the perirectal tissues, the anal sphincters, and the regional lymph nodes (inguinal, paravertebral, and the obturator foramina). The radiation treatment was given with the patient in the supine position. The local recurrence rate was significantly reduced in Stockholm 1, but the irradiated group had an increased 30-day mortality rate, mainly in elderly patients. 1 In a subsequent trial (Stockholm 2), the radiation technique was changed. A four-field box technique was used and a smaller volume was irradiated. The irradiated volume extended from the upper border of L4 and the lower limit extended down to and included the anal canal. In addition, the upper age limit was 80 years. Between 1986 and 1993, 557 patients were included in the Stockholm 2 trial.
Present Study Population
In June 2002, 119 of 528 patients originally treated with LAR in the Stockholm 1 and 2 trials were still alive. These patients were asked to complete a questionnaire regarding their medical history and bowel habits and to come for a clinical follow-up visit. Patients who did not respond were sent two repeat questionnaires, and if they still did not respond, they were contacted by telephone.
Sixty-four patients were alive without a stoma and agreed to participate in the study. Fifty-five patients did not participate in the study for the following reasons: five patients had undergone reoperations with permanent colostomy, two had a new cancer, one had anastomotic dehiscence, and two had a small bowel obstruction. Thirteen patients were not able to participate because of impaired mental or physical condition, six because of geographic reasons (they lived too far away), and 25 declined participation. Six patients died before the questionnaires and examinations were completed. No patient was excluded from the present study because of anastomotic stricture.
Of the 64 participating patients, 21 had received preoperative RT and 43 had been treated with surgery alone. Four of the 64 filled out the questionnaires but declined physical examination because of their physical condition. Mean follow-up time was 14 (range, 9-23) years. Patient characteristics and tumor stages are presented in Table 1 . Patient characteristics were evenly distributed between the radiated and the nonirradiated groups, but a larger proportion of patients in the nonirradiated group had had Dukes Stage C cancer. Sixty-one patients had end-to-end anastomoses and three patients (one patient treated with RT and two treated with surgery alone) had side-to-end anastomoses.
Methods
All patients were interviewed and examined by the same investigator (JP) who was not blinded for whether the patient was treated with preoperative RT. Several patients had tattoos on the abdominal wall after RT planning.
Patients responded to standardized questionnaires and questions regarding past medical history, local recurrences, and additional surgical procedures. They then underwent clinical examination, anorectal manometry, and endoanal ultrasound (EUS).
Questionnaires
A shortened version of a validated bowel function questionnaire developed by the Swedish Society of Colorectal Surgeons was used; it included questions about bowel function and anal incontinence. 11 Fecal incontinence was defined as involuntary leakage of liquid or solid feces. Three different levels of incontinent episodes were used: once a week or less, more than once a week but not daily, and daily.
Quality of life with respect to anorectal function was evaluated using the American Society of Colon and Rectal Surgeons (ASCRS) quality-of-life questionnaire. 12 The four different scales represent different aspects of life. Scores from a set of questions are summed up and a mean score is calculated for each scale and patient.
Clinical Examination
Patients were asked to clean the rectum with a small enema one hour before the examination. All patients underwent a clinical examination including abdominal palpation, digital rectal palpation, and rigid proctoscopy. Abdominal palpation included examination for hernias or intra-abdominal masses. Rectal examination with digital palpation was performed in the left lateral position. Rigid proctoscopy was performed to exclude abnormalities, such as proctitis or local recurrence, and to measure the distance between the anal verge and the anastomosis.
Anorectal Manometry
Anorectal manometry was performed using a water-perfused manometry system and Synectics Polygram \ v2.2 software (Medtronic Diagnostics TM , Minneapolis, MN). A stationary pull-through technique with an eight-channel water-perfused catheter was used. Anal resting and squeeze pressures were recorded at each centimeter starting at 6 cm from the anal verge. The mean pressures of all eight channels were calculated at each level. The level with the highest mean resting pressure was selected as the maximal resting pressure (MRP) and the level with the highest squeeze pressure was selected as the maximum squeeze pressure (MSP) for each patient. The first sensation of rectal filling and the maximal tolerable volume (MTV) of the rectum or the neorectum were registered by insufflating air in a rectal balloon with the lowest part at 6 cm from the anal verge. Mean pressures and mean volumes were calculated for each group studied, i.e., RT+, RTj. Values presented in Tables 2 and 3 are means for each group.
Endoanal Ultrasound
Endoanal ultrasound (EUS) was performed using a 10-MHz endosonographic probe (Type 3535, B & K, Naerum, Denmark). A hard, sonolucent plastic cap with a diameter of 17 mm covered the transducer and was filled with degassed water for acoustic coupling. The cup was covered with a rubber condom and was carefully introduced through the anus and passed up to the rectum and then retracted to the anal verge.
The result of the endosonographic examination was documented with pictures printed from the upper, mid, and distal anal canal. The upper anal The endosonographic criterion for diagnosis of anal sphincter injury, i.e., a discontinuity in the muscle ring, was the detection of a distinct change in ultrasonic appearance from the remaining anal sphincter ring. Sphincter injuries were documented by measuring the angle of the sector from the center of the probe. Scarring of the sphincters were defined as one or more hypoechogenic or hyperechogenic areas in the internal and/or external sphincter.
Statistical Analysis
All data were analyzed with JMP \ statistical software (SAS Institute Inc., Cary, NC). Fischer's exact test was used to compare prevalence of symptoms. Independent-samples t-test was used to compare manometric measurements and quality-oflife (QoL) scores. A P value of less than 0.05 was considered statistically significant. The local Ethics Committee at the Karolinska Hospital approved this study.
RESULTS
Questionnaire
At follow-up, fecal incontinence, gas incontinence, and soiling were significantly more prevalent in the irradiated group than in the surgery-alone group ( Table 2) . Patients in the irradiated group also had significantly more frequent bowel movements than patients in the surgery-alone group ( Table 2) . Patients in both groups frequently reported that they had had a gradual improvement of anal incontinence during the first years after surgery.
Patients with anal incontinence had been treated by their regular surgeon with conservative regimens before the follow-up in this study. No patient had been treated with surgery for their anal incontinence.
In the 21 patients treated with preoperative RT, there were no significant differences in continence impairment between the two slightly different radiation regimens in the Stockholm 1 and 2 trials.
The fecal incontinence QoL score showed no significant differences between irradiated and nonirradiated patients in either of the scales used. However, the fecal incontinence QoL score was significantly lower in incontinent patients than in continent patients in all four scales (Fig. 1 ).
Physical Examination
One patient in the irradiated group and two patients in the nonirradiated group had small incisional hernias at physical examination. No patient had palpable intra-abdominal masses or pathologically enlarged lymph nodes in either group.
Mean anastomotic height from the anal verge was 10 (range, 5-12) cm in the irradiated group and 9 (range, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] cm in the nonirradiated group (not significant). The anastomosis was not possible to identify at proctoscopy in four irradiated patients and seven nonirradiated patients. No patient had signs of proctitis at rigid proctoscopy. The diameter of the anastomoses varied, but a proctoscope could be passed beyond the anastomosis in all patients. No further measurements of the anastomosis were made. There was no statistically significant correlation between anastomotic height and prevalence of anal incontinence.
Anorectal Manometry
MRP and MSP were significantly lower in the irradiated group compared to the surgery-alone group (Table 3) . When filling a balloon in the rectum with air, the volume for first sensation and the MTV did not significantly differ between the two groups ( Table 3 ). The rectoanal inhibitory reflex was absent in four patients in the irradiated group and in three patients in the surgery-alone group.
Patients who reported fecal incontinence had significantly lower MRP, MSP, and MTV compared to patients without incontinence symptoms (Table 4 ).
Endoanal Ultrasound
Two female patients in the irradiated group and one male patient in the nonirradiated group had an anterior sphincter defect at EUS. All three patients had incontinence symptoms. Scarring of the anal sphincters was identified in seven patients (33 percent) in the irradiated group and in five patients (13 percent) in the nonirradiated group (P = 0.03). Eleven of the 12 patients had varying degrees of incontinence symptoms.
DISCUSSION
We found that irradiated patients had significantly more incontinence symptoms and worse anorectal function than patients treated with surgery alone. The present study is, to our knowledge, the first to evaluate late functional outcome in a population randomized to preoperative RT or not and in which the follow-up included clinical examination and anorectal physiology testing. The functional outcome after LAR has previously been studied by Dahlberg et al. 13 using questionnaires; they found an increased incidence of anal incontinence after preoperative RT when compared to surgery alone.
Our findings are supported by several previous studies that suggested that adjuvant radiation therapy impairs anorectal function in patients treated with LAR. 8, 13 The pathophysiologic reasons for develop- Figure 1 . Fecal incontinence quality-of-life scores in continent vs. incontinent patients.
Vol. 49, No. 3 PREOPERATIVE RADIOTHERAPY AND ANORECTAL FUNCTION ment of the so-called anterior resection syndrome, i.e., clustering, anal incontinence, and soiling, remain unclear. Different mechanisms have been suggested, including decreased rectal capacity, decreased MRP, and failure of the rectoanal inhibitory reflex. 14 RT has been postulated to cause damage to the myenteric plexus in the internal anal sphincter. 15 It is also possible that the 5 Â 5 Gy preoperative RT used in the Stockholm trials causes fibrosis and impaired impulse conduction in sacral nerves and fibrosis in the anal sphincters. Anorectal function often deteriorates with increasing age and this might be one reason for the large proportion of incontinent patients in the present older study population. However, this should affect both groups equally because both groups in this study were of the same mean age ( Table 1 ). In a randomized trial between straight and colonic J-pouch anastomosis by Hallbook, 16 J-pouch anastomosis was associated with better bowel function. Most patients in the present study had end-to-end anastomosis which might affect the poor long-term anorectal function.
Patients frequently reported a gradual improvement of anal incontinence the first years after surgery, but symptoms thereafter were rather stable. 17 At long-term follow-up many of the patients had accepted their impaired anorectal function and had learned to live with their incontinence symptoms.
The impact of anal incontinence on daily life was evaluated with a standardized questionnaire. 12 As could be expected, the QoL scores were significantly lower in incontinent vs. continent patients in all four scales used in the questionnaire (Fig. 1) . To our knowledge this questionnaire had not been used with rectal cancer patients. The lower QoL scoring in the incontinent group indicates a need for improved follow-up and treatment of anal incontinence after anterior resection (AR) for rectal cancer. Although most patients can manage with conservative treatment, some patients probably would benefit from additional treatment for their incontinence symptoms. In a pilot study, Matzel et al. 18 have reported promising results using sacral nerve stimulation in three patients with anal incontinence after AR for rectal cancer.
Comparison of QoL between patients treated with RT and with surgery alone showed no statistically significant differences in either of the scores used in the questionnaire. However, there was a trend toward worse QoL in irradiated patients. In a larger study population, this difference may have been significant.
The distance from the anal verge to the anastomosis was a mean of 9 cm and there was no difference in the anastomotic height between irradiated and nonirradiated patients. There was no statistically significant correlation between anastomotic height and prevalence of anal incontinence. Most patients had anastomosis around 10 cm from the anal verge; thus, few patients had very low anastomosis. Patients with a low anastomosis usually run an increased risk of impaired anal continence; however, we could not verify this in this study. Because the patients in this study were operated on before the TME era, most tumors in the distal rectum were treated with abdominoperineal resection. All patients in this study had an anterior resection. This surgery was not standardized, however, and it was not possible to evaluate the influence of different surgical techniques on the outcome. The number of patients in this study who had undergone preoperative RT was limited. This limitation may have impacted the possibility of detecting a difference in continence impairment between the two slightly different radiation regimens used. The regimen in the Stockholm 2 trial offered a more targeted treatment and is nowadays preferred to decrease the risk for radiation side effects.
At rigid proctoscopy no patient had signs of proctitis. This may be because of the long followup time. Local recurrence after more than nine years after surgery for rectal cancer is an unlikely event and was not found in any patient.
All patients in this study who were treated with RT had the anal sphincters included in the radiation field. Fibrosis of the sphincter may therefore partially explain the lower MRP and MSP in patients treated with preoperative RT as reported by Ammann et al. 8 Fibrosis of the pudendal nerves as a result of RT might also diminish the anal pressures. There is not always a straightforward relationship between anorectal manometry pressure curves and anal continence. In this study, however, incontinent patients had significantly lower MRP compared with that of continent patients. 15 There was no significant difference between the two groups in the presence of rectoanal inhibitory reflex. This is probably because of the high anastomotic level (mean, 8 cm) in both groups. Only one patient had true absence of the rectoanal inhibitory reflex, and in six patients the reflex could not be evaluated because of a low MRP.
Leaving some of the irradiated rectum behind and stapling of an anastomosis could possibly result in impaired rectal compliance. However, we did not find any difference in MTV between irradiated and nonirradiated patients. In a recent study by Amin et al. 19 on functional outcome after colonic pouch-anal anastomosis, no negative effect from preoperative radiation was found. These findings may support the opinion that it is preferable to make a colonic pouchanal anastomosis than to leave an irradiated rectal remnant for a colorectal anastomosis. Further studies that address this issue are needed.
Two female patients in the irradiated group had anterior sphincter defects at EUS and both suffered from anal incontinence symptoms. Both patients had possible obstetric trauma as a result of their sphincter injuries. In the surgery-alone group, one male patient had an anterior defect on EUS and also reported anal incontinence. The reason for this defect remains unclear. Significantly more patients in the irradiated group had scarring of the anal sphincters at EUS. Irradiation of the sphincters is a possible reason for these defects. Eleven of 12 patients with scarring of the anal sphincters at EUS also had anal incontinence. Trauma to the anal sphincters by the circular stapling device is another possible explanation of the scarring; however, this does not explain the difference between irradiated and nonirradiated patients. Thus, radiation-induced scarring of the anal sphincters might contribute to anal incontinence and decreased MRP in irradiated patients.
Because patients in this study underwent the conventional surgical technique, a long-term followup study of patients treated with the TME technique, focusing on functional outcome in relation to preoperative RT, is of interest. This may help preoperative counseling of patients with rectal cancer and help in deciding whether to have optimal adjuvant treatment. The exclusion of the anus from the radiation field in patients with cancers in the mid and upper third of the rectum, scheduled for AR, might diminish the negative influence on bowel function of adjuvant RT.
CONCLUSIONS
Short-course preoperative RT in rectal cancer treatment impairs anorectal function and increases incontinence at long-term follow-up. Fecal incontinence affects about one-half of irradiated patients at long-term follow-up. It is important to counsel pa-tients regarding this side effect when tailoring their optimal treatment. Further studies are needed to assess the long-term anorectal function after RT and TME surgery.
